Abstract A review of crocodylian phylogeny reveals a more complex history than might have been anticipated from a direct reading of the fossil record without consideration of phylogenetic relationships. The three main extant crocodylian lineages-Gavialoidea, Alligatoroidea, Crocodyloidea-are known from fossils in the Late Cretaceous, and the group is found nearly worldwide during the Cenozoic. Some groups have distributions that are best explained by the crossing of marine barriers during the Tertiary. Early Tertiary crocodylian faunas are phylogenetically composite, and clades tend to be morphologically uniform and geographically widespread. Later in the Tertiary, Old World crocodylian faunas are more endemic. Crocodylian phylogeneticists face numerous challenges, the most important being the phylogenetic relationships and time of divergence of the two living gharials (Gavialis gangeticus and Tomistoma schlegelii), the relationships among living true crocodiles (Crocodylus), and the relationships among caimans.
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BROCHU any description of peculiar and discontinued contrivances." Because there have always been semiaquatic ambush predators with flattened snouts among crocodyliforms, little fundamental change is perceived, and crocodylians are seen as having remained morphologically static since the Mesozoic.
Adoption of an evolutionary perspective had surprisingly little impact on this perception. Broad changes in crocodyliform morphology, especially in the pelvis, palate, and braincase, were viewed as powerful evidence for the theory of evolution (e.g., Eudes-Deslongchamps 1868, Huxley 1875, Woodward 1886), but beyond acknowledging a basic division into gharials, alligators, and crocodiles, groups more or less conforming to the crown group were taken as a whole. Crown-group crocodylians-members of the group including the last common ancestor of modern gharials, alligators, and crocodiles and all of its descendents-were usually seen as a coherent twig on a much larger branch, not as a complex, many-twigged bush of their own. As a result, most descriptions of fossil crocodylians written early in the twentieth century were terse, and few critical taxonomic revisions were undertaken.
Crocodyliform systematics was revived in the 1980s. The introduction of phylogenetic systematic methodology, new fossil discoveries, and new molecular information raised issues long thought resolved. Diverse sources of information, from osmoregulatory physiology to macroevolution, were integrated in ways not seen before. Paleontologists had thought the Indian gharial, Gavialis gangeticus, to be distantly related to other living crocodylians, but molecular datasets argued otherwise. Molecular data also indicated a Late Tertiary divergence among species of Crocodylus (the "true" crocodiles), a group long thought to be more ancient. Relationships among living species of Crocodylus and among living caimans remain poorly resolved, and while fossils seem to resolve some conflicts, they raise additional questions.
These issues address some of the central debates in modern systematics, from the efficacy of combining disparate datasets to the reliability of molecular dating methods and the comparison of different phylogenetic hypotheses with external signals, such as stratigraphy. Given the role they played in Cuvier's catastrophist model of Earth history and in nascent transformationalist views, crocodylians have always figured in the central biological debates of the day. Crocodylia's combination of low extant diversity, dense fossil record, and wide range of divergence times between living species makes it a model clade for the exploration of phylogenetic problems.
This paper has three purposes. First, it summarizes what we currently know about the phylogenetic history of crocodylians from a paleontological perspective. We are beginning to assemble a comprehensive phylogenetic history for the clade, and this is a group with very interesting stories to tell. Second, it discusses current problems in crocodylian phylogenetics. The "gharial problem" is foremost among these and appears to represent a genuine case of conflict between different sources of information. Third, it illustrates the central role phylogeny should play in our interpretations of the fossil record.
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I ultimately hope to divorce the reader from the misconception that crocodylians are ancient holdovers from the days of the dinosaurs. However similar modern crocodylians are to some of their older relations, we cannot regard crocodylians as "living fossils." They seem not to have changed much if we observe them at a distance, but up close, they show significant change over time. If we consider the crocodylian fossil record in a phylogenetic context, we see as dynamic a history as that of any other group of organisms.
PHYLOGENETIC NOMENCLATURE FOR CROCODYLIA
Along with a renewed interest in crocodylian systematics has come an effort to draw the taxonomy of these animals into the phylogenetic system (de Queiroz & Gauthier 1994) . Supraspecific taxon names within Crocodylia can be (and are here) defined on the basis of ancestry rather than possession of characters or taxonomic content. Such definitions are more consistent with the notion of taxa as natural groups resulting from evolution rather than classes of similar objects.
The phylogenetic nomenclatural system for Crocodylia was established by Clark (1986) and expanded by later workers (Norell et al. 1994; Salisbury & Willis 1996; Brochu 1997a Brochu , 1999a Brochu , 2000 . This system no longer uses Linnean ranks and is applied throughout this paper. Definitions used here are shown in Table 1 and Figure 1 . Some of these-in particular, the definitions of Crocodylia, Crocodylidae, and Crocodylinae-are amendments of earlier definitions. The draft PhyloCode (Cantino & de Quieroz 2000) requires that specifiers for clade definitions be species rather than the clades that were used in some previous applications.
Criticisms of phylogenetic nomenclature often revolve around instability in content in the face of phylogenetic uncertainty (Benton 2000 , Nixon & Carpenter 2000 . Although this can be addressed by applying care to the naming of clades, a problem arises because of the controversy surrounding Tomistoma and Gavialis. The name Crocodylidae has historically included Crocodylus, Osteolaemus, and Tomistoma, with relationships as shown in Figure 1 , but excluded Gavialis. The first definition of Crocodylidae in Table 1 reflects this historical usage (Brochu 1999a) . But molecular data generally support a topology in which Gavialis and Tomistoma are sister taxa and in which Alligatoridae is the basalmost extant crocodylian clade (rather than Gavialis). These are the relationships reflected throughout much of this paper, including Figures 2-7. If the definitions applied to Figure 1 are instead applied to a tree supported by molecular data, Gavialoidea would be a subset of Crocodylidae and Tomistominae would be redundant with Gavialoidea. The definitions at the top of Table 1 should be applied within the phylogenetic context (Bryant 1997 ) of the tree shown in Figure 1 . The alternate definitions shown in Table 1 would apply on the molecular tree.
The name Crocodylia is currently restricted to the crown group. It used to include a much broader assemblage of archosaurs extending back to the Early Jurassic or Late Triassic. This older usage was imprecise and had a labile lower bound-most BROCHU closer to it than to Alligator mississippiensis Globidonta Alligator mississippiensis and all crocodylians closer to it than to Diplocynodon ratelii Alligatoridae Last common ancestor of Alligator (Cuvier 1807) mississippiensis and Caiman crocodilus and all of its descendents Alligatorinae Alligator mississippiensis and all crocodylians (Kälin 1940) closer to it than to Caiman crocodilus Caimaninae Caiman crocodilus and all crocodylians closer (Norell 1988) to it than to Alligator mississippiensis Crocodyloidea Crocodylus niloticus and all crocodylians (Fitzinger 1826) closer to it than to Alligator mississippiensis or Gavialis gangeticus Crocodylidae Last common ancestor of Crocodylus Definition dependent (Cuvier 1807) niloticus Tomistoma schlegelii and all crocodylians (Kälin 1955) closer to it than to Gavialis gangeticus Gavialinae Gavialis gangeticus and all crocodylians (Nopcsa 1923) closer to it than to Tomistoma schlegelii authorities included "protosuchians" and "mesosuchians," but it may or may not have included "sphenosuchians." The older applications of Crocodylia could thus apply to either Crocodyliformes or Crocodylomorpha. Indeed, some authorities included aetosaurs and parasuchians. There is thus no single traditional usage to which a phylogenetic definition could be applied.
REVIEW OF THE CROCODYLIAN FOSSIL RECORD
The advent of "modern" (eusuchian) crocodile morphology was traditionally linked to two features-ball and socket joints between the vertebrae (procoely) and internal nostrils (choanae) completely surrounded by the pterygoid bones of the BROCHU Figure 1 Diagram illustrating phylogenetic nomenclatural scheme for Crocodylia and related clades. Definitions are provided in Table 1 . Arrows denote stem-based group names (groups including a species and anything more closely related to it than to another species), and black circles denote node-based group names (the last common ancestor of two or more species and all of its descendents).
palate (Huxley 1875). We now know that procoelous vertebrae occurred multiple times within Crocodyliformes (Norell & Clark 1990 , Salisbury & Frey 2001 , and because the palatal regions of important taxa are imperfectly preserved, the precise distribution of pterygoidal choanae is unclear (Brochu 1999a) . Eusuchia is currently defined in reference to the last common ancestor of Hylaeochampsa and Crocodylia and all of its descendents. The oldest eusuchian is Hylaeochampsa vectiana from the Barremian of the Isle of Wight (Owen 1874 , Clark & Norell 1992 . A stratigraphic gap separates Hylaeochampsa from the next putative eusuchian occurrences in the Cenomanian (Stromer 1925 (Stromer , 1933 . Character support for Eusuchia, as defined phylogenetically (Table 1) , is weak; pterygoidal choanae are currently diagnostic for the group, as is the absence of a fossa on the medial wall of the supratemporal fenestra, but this diagnosis will doubtless change as new fossils are added to the analysis. Important new specimens of basal eusuchians and close eusuchian relatives (e.g., Buscalioni et al. 2001 , Rogers 2003 are being described and will doubtless improve our understanding of character state distributions on that part of the tree.
The three primary branches of Crocodylia were distinct by the end of the Mesozoic (Figure 2) . The earliest-known crocodylians are Campanian alligatoroids and gavialoids from North America and Europe (Lambe 1907; Schwimmer 1986; Williamson 1996; Wu et al. 1996; Buscalioni et al. 1997 Buscalioni et al. , 1999 . Although crocodyloids first appear in the Maastrichtian, that lineage must also have been present in the Campanian. Moreover, the earliest alligatoroids and gavialoids include highly derived forms, indicating that the actual divergence between the three lineages was a pre-Campanian event.
The basalmost members of Alligatoroidea, Crocodyloidea, and Borealosuchus look like stereotypical "crocodiles," with long, broad snouts outwardly resembling a modern American alligator or Nile crocodile. This is probably the ancestral condition for Brevirostres, and it may pertain further down the tree. Gavialoids and pristichampsines are derived when they first appear in the fossil record, but they may have also had "generalized" precursors yet to be discovered.
The split between alligators and crocodiles was traditionally based on a mixture of apomorphic and plesiomorphic "defining features." A good example involves dental occlusion. Alligators have an overbite, and the teeth on the dentary bone of the lower jaw occlude lingual to those of the maxilla and premaxilla on the snout. In crocodiles, there is a distinct notch between the maxilla and premaxilla that receives the enlarged fourth dentary tooth. But alligator and crocodile patterns are both derived from a common ancestral condition (Brochu 1999a ; Figure 3 ). In basal alligatoroids and crocodyloids, as well as pristichampsines, basal Borealosuchus, and immediate outgroups to Crocodylia, the dentary teeth occlude lingual to their maxillary counterparts-an alligator-like overbite. But there is still a notch between maxilla and premaxilla for the fourth (and sometimes third) dentary teeth. Alligatoroids ultimately lost the notch, and crocodyloids ultimately lost the overbite. A pattern much like that in derived crocodyloids also arises within Gavialoidea, Borealosuchus, and Diplocynodon. Retention of a notch between the maxilla and premaxilla (a plesiomorphy) was often confused with the lack of an overbite (an apomorphy) and led to the classification of several noncrocodyloid taxa as crocodyloids. One of the major conclusions of recent phylogenetic work is that many of the taxa we used to call "crocodylids" are actually closer to alligators or gharials, or are not members of any of the three extant lineages.
Gavialoidea
All known gavialoids are longirostrine (long-snouted) crocodylians, and many of the characters diagnosing Gavialoidea are related to the presence of a long, slender
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Figure 2
Basal phylogenetic relationships within Crocodylia and Gavialoidea. Topology based on , Brochu (1997a ), and Buscalioni et al. (2001 . "Ripley/Coon Creek gavialoid" is based on material in part referred to Thoracosaurus neocesariensis by Carpenter (1983); "Morocco gavialoid" is a new species described by Hua & Jouve (2003) . The relationships of Stomatosuchus, Aigialosuchus, and Dolichochampsa are uncertain, and these might not be eusuchians.
snout. Separation of the nasal bones from the narial rim, a long splenial symphysis, and a linear dentary toothrow can all be seen as consequences of snout attenuation. But nonrostral features are also shared by members of this group, most notably a distinct forked hypophyseal keel on the axis.
The earliest long-snouted crocodylians in the fossil record are the "thoracosaurs" of the Late Cretaceous and Paleocene (Figure 2 ). These were often categorized as tomistomines (e.g., Andrews 1906 , Troxell 1925a , Steel 1973 , but phylogenetic analysis indicates a closer relationship between thoracosaurs and Gavialis. The features that once grouped thoracosaurs with Tomistoma are plesiomorphic; for example, the nasals and premaxillae contact each other in thoracosaurs, but separation of the nasals and premaxillae is the derived condition, possibly related to continued emphasis on longirostry during gavialoid phylogeny.
The modern gharial (Gavialis gangeticus) is restricted to drainages on the Indian subcontinent and, with the exception of a possible historical occurrence in a brackish lagoon, is not found in saltwater (Singh & Bustard 1982 , Ross 1998 . But thoracosaurs are usually found in marginal marine deposits (Troedsson 1924 , Troxell 1925a , Piveteau 1927 , Carpenter 1983 , Gallagher 1993 , Zarski et al. 1998 , Brochu 2002 , Hua & Jouve 2003 , Storrs & Efimov 2000 . Some later Tertiary gavialoids also occur in a nearshore context (Kraus 1998 ). All we can really say is that dead gavialoids were preserved in marginal marine deposits, but the large number of such occurrences suggests that they lived along the coasts and in estuaries.
Paleobiogeographic distributions suggest a capacity to cross marine barriers. Gavialoids occur as fossils in the Solomon Islands (Molnar 1982 ). An assemblage of gharials occurs in the Late Tertiary of South America, the closest relatives of which are from Asia and Africa. Without invoking range extensions back prior to the opening of the South Atlantic, South American gharials likely represent at least BROCHU one mid-Tertiary dispersal event from the Old World (Buffetaut 1982a , Langston & Gasparini 1997 .
The present restriction of Gavialoidea to fresh water thus appears to be a comparatively recent phenomenon. Extant crocodylids have heavily keratinized oral surfaces and an elaborate set of salt-excreting glands on the tongue, features that allow prolonged exposure to high salinity. Alligatorids lack these features and are less frequently encountered in saltwater. Gavialis has a keratinized buccal surface, which is thought to reflect a capacity for salt tolerance in ancestral forms (Taplin & Grigg 1989 , Leslie & Taplin 2001 . Gavialoid capacity to cross marine barriers was thus predicted on the basis of oral morphology. Although our current understanding of gavialoid phylogeny does not require a "marine phase," it is consistent with the idea that gavialoids were plesiomorphically capable of withstanding saltwater exposure.
Borealosuchus and Pristichampsinae-Outgroups to Brevirostres
Borealosuchus is primarily known from the Late Cretaceous through Eocene of western North America (Brochu 1997b , Wu et al. 2001a ; Figure 2 ), but fossils from the Cretaceous of the Atlantic Coastal Plain (Parris et al. 1997 , Schwimmer 2002 ) also belong to it (C.A. Brochu, personal observation). A combination of generalized morphology and basal phylogenetic position may make Borealosuchus a good model of what the ancestral crocodylian looked like. Some of these, including the basalmost species (B. sternbergii), have been very densely sampled. Borealosuchus shares similarities with some basal alligatoroid lineages (Rauhe & Rossmann 1995) , and most Borealosuchus used to be referred to the basal alligatoroid taxon Leidyosuchus, but the weight of character evidence draws Borealosuchus outside Brevirostres; similarities with early alligatoroids are shared primitive features or independent derivations (Brochu 1997b Wu et al. 2001a,b) .
Pristichampsines ( Figure 2 ) are among the most interesting of crocodylians. These are "ziphodont" taxa with laterally compressed, dorsoventrally deep snouts and laterally compressed teeth. The teeth are sometimes serrated. Well-preserved specimens are known from the Paleocene and Eocene of Eurasia and North America (Kuhn 1938 , Berg 1966 , Langston 1975 , Li 1984 , Efimov 1993 . Dental remains possibly referrable to Pristichampsinae may extend the temporal range of the group into the Oligocene of Eurasia (Berg 1984 , Rossmann 1998 . The largest examples suggest animals between 2 and 3 m in total length.
Pristichampsines are sometimes thought to have been "more terrestrial" than other crocodylians, perhaps trying to fill the large terrestrial predator niche left vacant by nonavian theropod dinosaurs at the end of the Mesozoic. Altirostral skulls with deep snouts occur in small alligatorids, including extant Paleosuchus. But the pristichampsine postcranial skeleton is also very derived, with somewhat blunt unguals (leading some to call pristichampsines "hoofed crocodiles") and highly modified appendicular muscle attachments. A recent functional review of pristichampsine morphology by Rossmann (1999; 2000a,b,c) supports increased terrestriality, at least for adult forms, even to the point of suggesting facultative bipedality.
Alligatoroidea
Alligatoroids (Figures 4 and 5) are predominantly from the Western Hemisphere, but they were common in Eurasia for parts of the Tertiary, and a single species (Alligator sinensis, the Chinese alligator) occurs in Asia today. A single species survives in North America (A. mississippiensis), and five to seven caiman species (depending on how one divides the Caiman crocodilus complex) occur throughout Central and South America (Ross 1998) .
However distinctive living alligatorids are now, the most primitive representatives were plesiomorphic enough that they were classified closer to crocodiles. Leidyosuchus canadensis, from the Campanian of Alberta, is broadly similar to basal Borealosuchus and early crocodyloids-a long, broad, flat skull with one or two dentary teeth occluding in a notch between the maxilla and premaxilla.
Another basal alligatoroid is the gigantic Deinosuchus, known from both sides of the Western Interior Seaway during the Campanian (Holland 1909 , Colbert & Bird 1954 , Schwimmer 2002 . Although previous work put the total length of this animal at over 15 m, more recent work fixes the size of the largest known specimens at between 9 and 12 m (Erickson & Brochu 1999) . The restored skull often figured in books is based on a very incomplete specimen with missing portions (which is most of the skull) modeled on modern Crocodylus. Newly collected specimens (Schwimmer 2002 ) reveal a very different-looking animal, and full description of this material will clarify its relationships with other alligatoroids.
More derived alligatoroids share a lack of the occlusal notch, at least early in ontogeny (Brochu 1997b (Brochu , 1999a , and can be divided into two stem-based groups: Diplocynodontinae and Globidonta. Most diplocynodontines continue to reflect the ancestral crocodylian generalist morphotype. Diplocynodon retains the long, broad snout found in basal brevirostrines and was a common crocodylian for most of the Tertiary in Europe (e.g., Pomel 1847 , Ludwig 1877 , Kuhn 1938 , Berg 1966 , Buscalioni et al. 1992 , Vignaud 1996 , Ginsburg & Bulot 1997 , Brinkmann & Rauhe 1998 , Pereda Suberbiola et al. 2001 . Baryphracta is a small, blunt-snouted animal from the Eocene of Germany (Frey et al. 1987 ) that shares paired ventral osteoderms and some other postcranial modifications with Diplocynodon (Rauhe & Rossmann 1995 , Brochu 1999a .
Globidontans are very derived upon their first appearance in the Campanian. Throughout the Late Cretaceous and Tertiary, they typically had short, broad snouts and enlarged teeth toward the back of the mouth, and some taxa may have been small, not exceeding 1.5 m in total length at adulthood. This suite of morphological features suggests some sort of ecological difference from modern Alligator or Caiman, but the specific functional meaning behind it is unclear. These animals are sometimes thought to have been adapted for hard-shelled prey (Abel 1928 , Carpenter & Lindsey 1980 .
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Figure 4
Basal phylogenetic relationships within Alligatoroidea and Alligatorinae. Topology based on Brochu (1999a Brochu ( , 2003 and Buscalioni et al. (1997 Buscalioni et al. ( , 1999 .
The earliest alligatorines (Figure 4 ) maintained bulbous rear dentition, short snouts, and robust mandibles. The name Allognathosuchus is frequently given to these forms, though this assemblage is of questionable monophyly (Wu et al. 1996; Brochu 1999a Brochu , 2003 . Indeed, bulbous teeth and a robust mandibular symphysis persist in the earliest species of Alligator from the Late Eocene, suggesting that the generalized condition of later Alligator (including A. mississippiensis) is a reversal. At least one other digression from the ancestral alligatorine bauplane occurred in Procaimanoidea, which has a rather deep snout closely resembling that of modern Paleosuchus and laterally compressed (but unserrated) teeth.
Alligatorines are present in the Tertiary of Europe, where they represent at least two dispersal events from North America (Brochu 1999a (Brochu , 2003 . After the Oligocene, the alligatorine record is dominated by North American Alligator. The systematics of Late Tertiary Alligator need revision, but A. mississippiensis appears to have been present from at least the Pleistocene (Preston 1979 , Holman 1995 .
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The fossil record of caimans ( Figure 5 ) is the least complete of any crocodylian lineage. The earliest known alligatorines are from the Early Paleocene (Brochu 1999a) , demonstrating that the alligatorine-caimanine split had occurred at least by then. A few caimans are known from the Paleocene and Eocene (and possibly Late Cretaceous) of North America (Busbey 1989 , Bryant 1989 , but with one exception, their relationships with South American caimans are untested. The terrestrial stratigraphic record of South America is less complete than that of North America, and only a handful of caimans are known from pre-Miocene deposits (e.g., Rovereto 1912 , Simpson 1933 , Rusconi 1937 , Langston 1965 , Chiappe 1988 , Gasparini 1996 , few of which have been included in phylogenetic analyses.
When caimans finally appear in substantial numbers in South America, they include some of the most bizarre crocodylians of all time. Included among these are the nettosuchids, with absurdly long, broad, flat snouts and large numbers of very small teeth (Price 1964 , Langston 1965 , Bocquetin 1984 . The large South American nettosuchid Mourasuchus resembled the putative eusuchian Stomatosuchus from the Late Cretaceous of Egypt (Stromer 1925 ). An Early Eocene fossil from North America (Orthogenysuchus olseni) apparently represents a North American nettosuchid (Brochu 1999a) . Mourasuchus and Orthogenysuchus were clearly specialized for something, but we have yet to understand what that could be.
Another caiman oddball is Purussaurus . Although a close nettosuchid relative (Brochu 1999a) , Purussaurus seems to be the antinettosuchid-where Mourasuchus had an extremely flat skull with tiny teeth, Purussaurus' rostrum was broad and deep and the teeth were robust. The external naris (nostril) was very large relative to skull size, and in the most derived form (P. brasiliensis from the Miocene of Brazil), the nasal bones are very small. One can literally put one's head in the narial aperture and look around. Some specimens of Purussaurus were large enough to rival Deinosuchus in size, and Mourasuchus reached impressive dimensions as well.
The origins of modern caiman species are paleontologically obscure. The lineage including the dwarf caiman (Paleosuchus) is unknown from fossils, even though it dates back to at least the Early Eocene on the basis of fossil occurrences elsewhere among caimans. A form related to the broad-snouted caiman (C. latirostris) and black caiman (Melanosuchus) is known from the Miocene (Langston 1965) , and Melanosuchus itself first appears in the Pliocene (Medina 1976) . Additional caimans are known from the Neogene (Patterson 1936 , Souza Filho 1987 , Cione et al. 2000 , Piña & Argañaraz 2000 that may be related to extant species.
Crocodyloidea
Only a single crocodyloid is known from the Cretaceous-the Maastrichtian Prodiplocynodon langi from Wyoming (Mook 1941) . Prodiplocynodon is known from a single skull without the lower jaw, and most cranial sutures are not visible.
As fragmentary as our knowledge of Prodiplocynodon is, it nonetheless reveals an animal not fundamentally different in overall body shape from the most primitive alligatoroids.
Crocodyloids (Figure 6 ) occur throughout the Northern Hemisphere during the Early Tertiary (Mook 1921a (Mook ,b, 1940 Troxell 1925b; Young 1964; Berg 1966; Vasse 1992a,b; Efimov 1993; Angielczyk & Gingerich 1998) and are sometimes referred to as Asiatosuchus. The type species (A. grangeri) from Mongolia is imperfectly Figure 6 Basal phylogenetic relationships among crocodyloids and tomistomines. Topology based on Brochu (1997a Brochu ( , 2000 , Brochu & Gingerich (2000) , and Head (2001).
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BROCHU known, but it shares some derived character states with Eocene crocodyloids from North America and Europe that are lacking in the best-known species assigned to Asiatosuchus, A. germanicus from the Eocene of Germany. Most notably, A. grangeri and these more derived forms share a lack of a splenial symphysis, a frontoparietal suture completely excluded from the supratemporal fenestrae, and the beginnings of an interfingering occlusion (Brochu 1997a (Brochu , 2000 .
Relationships at the base of Crocodylidae are unclear (Figures 6 and 7) . "Crocodylus" megarhinus is a common crocodile from the Eocene-Oligocene Fayum sequence in Egypt (Andrews 1906 , Mook 1927 , Müller 1927 , and I regard "C." articeps as a junior synonym. Mekosuchines were regarded as the sister group to Crocodylidae by Salisbury & Willis (1996) and as basal crocodylines by Brochu (1997a Brochu ( , 2000 .
Figure 7
Phylogenetic relationships among crocodylines. Topology based on Salisbury & Willis (1996) and Brochu (1997a Brochu ( , 2000 . The skull of Harpacochampsa shown in this figure is hypothetical; the skull of this taxon is imperfectly known.
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Among new crocodylian discoveries of the late twentieth century, Mekosuchinae may be the most important, not only because it added to our knowledge of Late Tertiary crocodylian diversity, but also because it led to the discovery of Late Tertiary crocodyloid endemism. The group was initially based on a strange small animal from the Holocene of New Caledonia (Buffetaut 1983 , Balouet & Buffetaut 1987 . Named Mekosuchus, it displayed an odd combination of derived and ancestral features and was initially thought to be a late-surviving member of a noncrocodylian group. It was also evidently part of the menu of the inhabitants of New Caledonia prior to European contact. More complete Mekosuchus material has since been found in Australia, along with a diverse assemblage of closely related crocodylians that seem to form an endemic assemblage in Australia (Willis et al. 1990; Willis & Molnar 1991; Willis 1993 Willis , 1997a Willis ,b, 2001 Megirian 1994 ; Figure 7 ). The earliest and basal-most forms were generalized in appearance , Salisbury & Willis 1996 , but by the end of the Tertiary the group included pristichampsine-like predators with serrated teeth, small blunt-snouted forms similar to extant Osteolaemus or extinct Allognathosuchus, and possibly a longirostrine form (Megirian et al. 1991) . They persisted until the Quaternary in Australia. Mekosuchines are also known from Vanuatu and Fiji (Worthy et al. 1999 , Mead et al. 2002 , Molnar et al. 2002 and may have been present in New Guinea (de Vis 1905 , Plane 1967 .
Mekosuchinae is not the only endemic crocodyloid radiation of the Tertiary. Ginsburg & Buffetaut (1978) and Buffetaut (1985) regarded the bizarre longirostrine crocodylian Euthecodon, with laterally protruding alveoli that make the skull resemble the head of a sawfish, as an endemic African taxon closer to Crocodylus than to Tomistoma, with which it had formerly been allied (Steel 1973) . Several other African crocodylians are closely related to Euthecodon, including the living African dwarf crocodile, Osteolaemus tetraspis (Brochu 2000) . This group is herein called Osteolaeminae. Osteolaemus rarely exceeds 2 m in total length and has a blunt snout reminiscent of a dwarf caiman. Other osteolaemines include "Crocodylus" robustus from the Holocene of Madagascar, which looks like an oversized Osteolaemus with horns (Barbour 1918 , Mook 1921c , and "Crocodylus" lloidi, which resembles modern Crocodylus in its overall appearance (Maccagno 1948 , Tchernov 1986 , Pickford 1996 .
Crocodylus
Fossils as old as the Cretaceous have long been classified as Crocodylus. The characters used to do so were largely plesiomorphic-retention of a maxillarypremaxillary notch, exclusion of the prefrontal from the maxilla, broad snout tapering toward the naris, and so on (e.g., Steel 1973) . This led to the view that Crocodylus was an ancient and conservative genus.
But Crocodylus is a much more recent radiation. Protein distance analyses in the early 1980s (Densmore 1983 ) indicated very low levels of divergence between modern species. More recent DNA sequence-based analyses are congruent with BROCHU this result (White & Densmore 2001) . Stratigraphic estimates of the longevity of Crocodylus were 20 times older, but this reflects the vague meaning of Crocodylus in the older paleontological literature. Phylogenetic analysis of fossil crocodylians reveals a distant relationship between extant Crocodylus and the majority of fossils called Crocodylus (Brochu 2000) . This is a striking example of the need for clear phylogenetic nomenclature-the "conflict" had nothing to do with the data and everything to do with different applications of the name Crocodylus.
According to some datasets (Densmore & White 1991 , Brochu 2000 , the basalmost species within Crocodylus is the African sharp-nosed crocodile, Crocodylus cataphractus (Figure 7 ). This has long been viewed as an aberrant species, and not all workers agreed that it belonged to Crocodylus (e.g., Aoki 1976 Aoki , 1992 . Interestingly, some recent sequence analyses based on both mitochondrial and nuclear genes draw C. cataphractus closer to Osteolaemus than to other Crocodylus (White & Densmore 2001 ). This would make C. cataphractus part of the endemic African lineage. Fossils related to C. cataphractus are known from the Miocene and Pliocene of Africa (Tchernov 1986 , Aoki 1992 , Pickford 1994 .
The fossil record for the rest of Crocodylus is sparse. It is well known from the Mio-Pliocene Siwaliks sequence of the Indian subcontinent. These may represent a single fossil species, and although it resembles the modern Indian mugger (C. palustris) in some respects, it also lacks features that draw C. palustris closer to a group including other Crocodylus from the Indian and Pacific oceans, including the world's most dangerous reptile, the saltwater crocodile (C. porosus). Monophyly of an Indopacific Crocodylus assemblage is modestly supported by morphology and some molecular information. Fossils putatively belonging to this group are from the Pleistocene of Java (Janensch 1911) and Pliocene or Pleistocene of Australia (Willis 1997b) .
Likewise, some datasets suggest that the four living species of Crocodylus in the New World form a clade, and that the Nile crocodile (C. niloticus) is closely related to it (Figure 7 ). First appearance of Crocodylus in the New World is at around 4 Ma ago (Miller 1980) , and first demonstrable C. niloticus are between 2 and 3 Ma ago (Tchernov 1986) . A Neogene radiation within Crocodylus implies at least one crossing of a major marine barrier; if the New World assemblage last shared an ancestor with other Crocodylus within the past 10 to 15 Ma, dispersal across either the Atlantic or (less likely) the Pacific is necessary.
Tomistominae
Tomistoma schlegelii is the only living member of this group, and it is found in freshwater lakes and rivers of Southeast Asia and parts of Indonesia. Like Gavialis, it has a long, slender rostrum. Although long snouts are thought to be adaptations for catching fish, Tomistoma's diet is not as fish-centered as that of Gavialis (Ross 1998) .
The oldest fossils attributable to Tomistominae are from the Early Eocene of Europe and northern Africa (Owen 1850 , de Zigno 1880 , Swinton 1937 , Jonet & Wouters 1977  Figure 6 ). These are just barely tomistomines-they resemble basal crocodyloids, especially Brachyuranochampsa, and in at least some the nasal bones still contact the narial rim. But there is a long splenial symphysis, and like other tomistomines (but unlike gavialoids), the splenial is very constricted in the symphyseal region, forming a very slender "V." These animals also share features with crocodylids not found in gavialoids, such as an enlarged fifth maxillary alveolus, and do not have some of the crocodylian-level plesiomorphies found in gavialoids, such as robust postorbital bars (Norell 1989 , Brochu 1997a .
Tomistomines are known from the Neogene of North America (Mook 1921d , Auffenberg 1954 , Myrick 2001 . Most have been called Gavialosuchus, and they first appear in mainland deposits in the Oligocene (Erickson & Sawyer 1996) , but the lineage had to have been present in the Eocene. The type species of Gavialosuchus (G. eggenburgensis from the Miocene of Austria) is closer to Tomistoma than to New World "Gavialosuchus" (Brochu & Gingerich 2000) . A probable tomistomine is also known from the Eocene of Jamaica (Berg 1969) . Tomistomines have been reported from the Tertiary of South America (Langston 1965 , Gasparini 1996 , but a close relationship with Tomistoma has not been tested phylogenetically.
Tomistomines were broadly distributed throughout the Old World, including Europe, mainland Asia, Africa, and Japan (e.g., Li 1975 , Aoki 1983 , Mlynarski 1984 , Buffetaut et al. 1984 , Efimov 1993 , Pickford 1994 , Rossmann 2000d ) The geographic distribution of tomistomines resembles that of gavialoids in certain respects. In particular, some groups seem to have been residents of coastal and estuarine settings, despite the restriction of modern Tomistoma to fresh water. This is true for New World "Gavialosuchus" and an array of derived Miocene tomistomines from the Mediterranean region (Hulke 1871; Lydekker 1886; Antunes 1961 Antunes , 1987 . Like gavialoids, tomistomine distribution in the Tertiary implies the crossing of marine barriers (Brochu 2001a ).
CONTROVERSIES AND UNFINISHED BUSINESS Molecules Versus Morphology: Relationships of Gavialis
Morphologists have long favored a distant relationship between Gavialis and all other living crocodylians, and an ancient divergence, in the Cretaceous or even Jurassic, between Gavialis and any other living crocodylian (Kälin 1931 (Kälin , 1955 Tarsitano et al. 1989; Norell 1989; Brochu 1997a ). But molecular datasets overwhelmingly support a sister-taxon relationship between Gavialis and Tomistoma (Densmore 1983; Densmore & Owen 1989; Densmore & White 1991; Gatesy & Amato 1992; Hass et al. 1992; Gatesy et al. 1993 Gatesy et al. , 2003 White & Densmore 2001; Harshman et al. 2003; D. Ray & L. Densmore, personal communication) , and some molecular analyses put the divergence between Gavialis and any other living crocodylian in the Late Tertiary (Densmore & Dessauer 1984 , Hass et al. 1992 . The Indian gharial thus presents us with two distinct conflicts (Figures 8 and 9 ): topological (the relationships of Gavialis to other crocodylians) and temporal (the divergence time between Gavialis and any other living crocodylian).
Molecules and morphology are both heritable and, ultimately, share the same phylogenetic history. They should be telling us the same thing-and for the most part, they are. Removal of Gavialis from the analysis results in nearly identical results regardless of source of data. Alligatoridae is monophyletic, caimans form a coherent group, Paleosuchus is outside a clade including other caimans, and alligators and caimans represent an ancient divergence at or near the CretaceousTertiary boundary. Crocodylus is monophyletic (mostly) and recently diverged, Osteolaemus is its closest living relative, and Tomistoma is closer to Crocodylus than to Alligator. Forcing the morphological hypothesis on any given molecular dataset (or vice versa) usually results in tree length increases of less than 4%, and Wilcoxon signed rank tests usually fail to detect a statistically significant difference between hypotheses (Brochu & Densmore 2001 ). However, addition of Gavialis renders the competing topologies inconsistent with each other (Figure 9 ).
The first morphological analyses to take advantage of modern phylogenetic methods were limited with respect to taxon and character sampling. This raised the specter of a morphological version of the long-branch attraction problem-Tomistoma and Crocodylus independently acquired similarities that overwhelmed any similarity between Gavialis and Tomistoma. If this were the case, inclusion of fossils might have supported a fundamentally different tree with respect to living taxa. As one gets closer to the root of a clade, taxa are expected to more closely reflect the ancestral condition, effectively pruning any long phylogenetic branches. To date, addition of fossils has not changed the underlying relationships among living crocodylians (Salisbury & Willis 1996; Brochu 1997a Brochu , 2002 Brochu & Gingerich 2000; Buscalioni et al. 2001; Hua & Jouve 2003) .
The first molecular analyses on crocodylians (Densmore 1983 , Densmore & Owen 1989 , Densmore & White 1991 , Hass et al. 1992 ) all supported essentially the same tree, with Gavialis closer to Tomistoma, but applied methods thought to be less reliable when divergences are very old or when branch lengths are heterogeneous (e.g., Huelsenbeck 1995) . If the problem is methodological, application of sequence-based approaches should tip the balance. So far, this has not happened. Mitochondrial sequenece data usually support the Gavialis-Tomistoma linkage (Gatesy et al. 1993 , White & Densmore 2001 , Ray et al. 2001 , although some of this can be made to support a morphological topology with weighted parsimony or maximum likelihood methods (Brochu & Densmore 2001) . Nuclear genes also strongly support a Gavialis-Tomistoma clade when analyzed using 378 BROCHU maximum parsimony, maximum likelihood, and Bayesian analysis (Gatesy et al. 2003 , Harshman et al. 2003 D. Ray & L. Densmore, personal communication) . Thus, molecular data are as stable as morphology in the face of new data and new methods.
The most puzzling aspect of this debate is that although Gavialis and Tomistoma are very similar in overall shape, they are being drawn together not by morphology, but by molecules. It is usually the other way around (e.g., Marshall 1992 , McCracken et al. 1999 , Naylor & Adams 2001 )-when molecular data suggest a more distant relationship between similar-looking organisms traditionally classified together, a closer look at the morphological details reveals overlooked differences or a functional linkage related to independently evolved ecological similarities. If the gharial problem followed the same pattern, molecular data would have argued against a monophyletic group including Gavialis and Tomistoma based on morphology.
Similarities between Gavialis and Tomistoma are largely centered on the snout and jaw apparatus, and these similarities diminish as more primitive gavialoids and tomistomines are considered (Trueman 1998 , Brochu 1999b , Gatesy et al. 2003 . Support for clades including Tomistoma and excluding Gavialis (e.g., Crocodylidae, Brevirostres) is spread throughout the skeleton, from the skull to the hip. Gavialoid and tomistomine snouts are outwardly similar, but they differ in detailfor example, gavialoids have more teeth than other living crocodylians, suggesting that teeth were added as the snout lengthened, but Tomistoma has the same dental formula as Crocodylus, with the tooth sockets spread farther apart. Morphological evidence strongly argues against homology of the long-snouted condition in Gavialis and Tomistoma, even if they are the closest living relatives.
The results of a combined analysis depend heavily on the relative amounts of information included. Poe (1997) combined 97 RFLP characters, 12s rDNA sequence data (79 informative bases), and 64 nonmolecular characters (mostly osteological), and the resulting most parsimonious trees were congruent with the standard molecular topology. Brochu (1997a) used the same molecular information but instead included 164 morphological characters. When fossils were excluded from the ingroup, the result was congruent with the standard molecular hypothesis. When fossils were included in the ingroup, the preferred topology was consistent with that preferred by morphology alone (Figure 9 ). Ongoing total evidence analyses, including additional mitochondrial and nuclear genes, indicate that a bolstered molecular component results in a preferred topology for extant taxa consistent with that preferred by individual molecular datasets, with tomistomines forming an unresolved assemblage at the base of Gavialoidea (Brochu & Densmore 2001 , Gatesy et al. 2003 , Harshman et al. 2003 . In this case, the tree is very similar to that obtained when the morphological dataset, with fossils, is constrained to make Gavialis and Tomistoma close relatives (Figure 10 ; Brochu 1997a).
Combined analyses are always informative, regardless of whether we view the results as the hypothesis maximizing the explanatory power of all available information (and thus the best estimate of phylogeny) or as a reflection Figure 10 Phylogenetic relationships among fossil crocodylians based on morphology if the analysis is constrained to support the standard molecular hypothesis with respect to Tomistoma and Gavialis. Results based on a parsimony analysis of 164 morphological characters; matrices provided in Brochu (1999a Brochu ( , 2000 and Brochu & Gingerich (2000) .
of the strongest of two or more competing signals. But we must continue to improve our available pool of data. Inclusion of new genes is an obvious direction, and this is underway. We can also improve our morphological dataset, both by including new information from soft tissue or from the complex internal details now made available by imaging technology (e.g., Rowe et al. 1999) 
Molecules Versus Morphology: Divergence Timing of Gavialis
The temporal aspect of the Gavialis problem is odd. The more celebrated disputes, such as the origins of modern mammal and bird lineages, involve molecular divergence estimates much older than those supported by the fossil record. In this case, the molecular divergence estimate is much younger than what fossils indicate (Figure 8 ). Some protein divergence levels between Gavialis and Tomistoma were low enough to imply a split within the past 10 Ma (Densmore & Dessauer 1984) . This is roughly 40 Ma after the earliest known tomistomines and 70 Ma after the earliest known gavialoids. A recent mitochondrial DNA sequence analysis supports an older divergence, but still within the Tertiary (Brochu & Densmore 2001) .
Timing disputes are fundamentally different from topological dataset incongruence. Such disputes have less to do with the data and more to do with expectations. We either expect our methods based on molecular data to provide reliable estimates of absolute divergence time or we expect the fossil record to provide a roughly accurate reflection of speciation dates. Both expectations are likely to be off: We know molecular dating techniques are imperfect, and we know the fossil record is incomplete.
We can quantify the fit between a particular phylogenetic hypothesis and the stratigraphic distribution of ingroup taxa. Some approaches measure relative congruence and ask whether the order of appearance on a cladogram matches the order of appearance in the stratigraphic record, regardless of the amount of time involved (e.g., Huelsenbeck 1994). Using these, the preferred morphological hypothesis is virtually indistinguishable from one designed to reflect the molecular hypothesis by constraining Gavialis and Tomistoma as close relatives (Brochu 1997a ). Other approaches consider absolute time and the amount of missing records implied by extending the stratigraphic ranges of some taxa to the first appearance data of their closest relatives (e.g., Benton & Storrs 1994 , Siddall 1998 , Pol & Norell 2001 . In this case, the different hypotheses are quite different-the preferred molecular topology requires 25% more range extension and cannot be distinguished from a random distribution of first appearance data (Brochu 1997a) .
Why do these hypotheses differ with respect to absolute time expectations but not order of appearance? For the most part, both hypotheses are the same. Thoracosaurs are closer to Gavialis than to Tomistoma, whether tomistomines are gavialoids or not (Figure 10 ). This extends the range of several lineages minimally from the Eocene to the Late Cretaceous. It also renders Tomistominae in the morphological sense paraphyletic (Figure 10 ). These alterations have little impact on the fit between clade rank and age rank, but greatly increase the amount of missing record.
Crocodylians live in their own depositional environments and have dense skeletons. One would expect some sort of phylogenetic reflection in their stratigraphic mirror, and the morphological hypothesis does fit the stratigraphic distribution of crocodylians better than the molecular competitor. Nevertheless, there are some significant gaps in the crocodylian record. The South American, Australian, and African records are especially spotty for the Paleogene. We also face ghost lineages for New World "Gavialosuchus," and the record for crocodyloids between the Maastrichtian and the Ypresian is sparse. The most significant, however, is the gap between the oldest eusuchians in the Barremian and the earliest known crocodylians in the Campanian. The derived nature of the earliest known gavialoids and globidontans indicates an unsampled history of unknown duration, and the few eusuchian occurrences in the middle Cretaceous are fragmentary (Stromer 1925 (Stromer , 1933 Persson 1960) . For this reason, we should not reject a phylogenetic hypothesis purely on stratigraphic grounds.
Uncertain Relationships Within Crocodylus
Most datasets agree on monophyly of Crocodylus. They also agree on a Late Tertiary divergence among living species (Brochu 2000) . But there is little consensus on within-group relationships. Some molecular data (Densmore 1983 , Densmore & White 1991 and morphology (Brochu 2000) support a sister-group relationship between Crocodylus cataphractus and all other living Crocodylus. But not all datasets support this (Densmore & Owen 1989) , and some sequence-based analyses actually favor a close relationship between C. cataphractus and Osteolaemus (White & Densmore 2001) . Morphology (Brochu 2000) and some molecular data (White & Densmore 2001 ) recover a monophyletic New World assemblage related to the Nile crocodile (C. niloticus) and a monophyletic Indopacific assemblage, but support for these clusters is very weak.
Lack of signal among published datasets for Crocodylus may relate to the recency of divergence among living species. For the 12S rRNA gene, less than 1% sequence difference exists between Crocodylus rhombifer (Gatesy et al. 1993) and C. acutus (Mindell et al. 1996) . Insufficient divergence has occurred in the time since speciation, and no robust tree can be recovered. For a signal to be discerned, rapidly evolving genes must be used.
Morphological data can also be bolstered. Thus far, morphological datasets have been predominantly osteological, and soft-tissue differences are known that would doubtless be informative when approached phylogenetically (e.g., Brazaitis 1973 , Ross & Ross 1974 . More importantly, the African fossil record of Late Tertiary crocodylians includes species not yet considered in phylogenetic analysis, such as Crocodylus checchiai and C. pigotti. Moreover, "Crocodyus" lloidi has been reported from numerous localities all over Africa (Tchernov 1986; Pickford 1994 Pickford , 1996 ; the position of "C." lloidi in Figure 7 is based on material from the type locality in Libya, but material from other localities should be included. Additional specimens from Asia and the Greater Antilles might also prove illuminating (MacPhee & Wyss 1990 , Rauhe et al. 1999 , Head 2001 .
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Uncertain Relationships Among Caimans
A basal division between dwarf caimans (Paleosuchus) and all other caimans appears robust, but relationships among these animals are otherwise poorly resolved (Gatesy et al. 1993 , Brochu 1999a , White & Densmore 2001 . Some datasets support Caiman monophyly (two to four living species), but others support a close relationship between Caiman latirostris and Melanosuchus niger. The problem here is similar to that for Crocodylus-the issue is nonresolution rather than conflicting robust signals.
This limitation impacts our understanding of molecular rates of evolution among crocodylians. Although relative rate tests on some ribosomal genes sometimes support faster evolutionary rates within Alligatoridae, actual rates calculated by assuming a Poisson distribution of mutations over time and using fossil calibrations are at least two orders of magnitude higher among caimans than among other crocodylian groups (Brochu 1997a) . This is likely a reflection of the fragmentary fossil record-range extensions reduce absolute rate estimates (e.g., Springer 1995 , Bromham et al. 1998 , Huchon et al. 2000 . But further work is needed, both with respect to the fossil record and sequence data, to study the impact range extensions have on rate estimations.
How did the Chinese Alligator Get to China?
The Chinese alligator (A. sinensis) is a biogeographic puzzle (Xu & Huang 1984) . Alligator sinensis is rather derived within Alligator. Based on first appearance data and molecular information, it last shared a common ancestor with A. mississippiensis within the past 20 Ma. It also shares with other alligatorids the lack of anatomical features that allow prolonged exposure to salt water (Taplin & Grigg 1989) , making a direct crossing of the Pacific Ocean unlikely.
An overland route (presumably through Beringia) is the shortest approach from North America to Asia. But by the Miocene, the high latitudes were already temperate enough to possibly exclude crocodylians (Markwick 1998a) . A European route would present the same problems, and the alligatorines found there are unrelated to any species of Alligator (Brochu 1999a) .
On further reflection, the Beringian route may not be as problematic as it first appears. Alligator sinensis is the most cold-adapted of all living crocodylians, and it overwinters in a complex set of burrows (Ross 1998) . Although not described in depth in the literature, alligatorids possibly referable to Alligator are known from California and Oregon during the Tertiary (Bramble & Hutchison 1971; Repenning & Vedder 1961; Hanson 1996; C.A. Brochu, personal observation) ; if this scenario is correct, we should eventually discover alligators from Late Tertiary deposits of Alaska.
Globidontans are known from the Asian Tertiary (Young 1964 , Efimov 1976 , including a form referred to Alligator from the Miocene (Li & Wang 1987) , but relationships to extant Alligator are unclear. These fossils need to be incorporated into phylogenetic analysis.
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CROCODYLIAN HISTORY: SYNTHESIS AND THE IMPORTANCE OF PHYLOGENY
Higher crocodylian taxonomic names were not always used consistently. There was broad understanding that most could be divided into an "alligator" category and a "crocodile" category, but the criteria used to make this distinction fluctuated. Very often, "crocodile" in a paleontological sense simply meant "not an alligator." Longsnouted crocodylians could be "gavialids" if they had certain derived conditions (such as separation of the nasals from the premaxillae), but "tomistomines" if they did not. This system effectively combined categories based on derived conditions with others based on plesiomorphy. It also treated taxa as coherent assemblages that could be viewed as a unit and not as a hierarchy.
My contention is not that phylogeny fundamentally changes the story of crocodylian diversity over time, but that a phylogenetic perspective can add immeasurably to a macroevolutionary study based on counts of taxa over long stretches of geological time. Examples of this point are shown below.
The crocodylian record shows two peaks of high diversity-one in the Early Eocene, the other in the Early Miocene (Hutchison 1982 (Hutchison , 1992 Taplin 1984; Markwick 1998b; Vasse & Hua 1998) . These are usually thought to reflect global climate, as the Early Eocene and Early Miocene diversity peaks are correlated with global mean temperature maxima (Hutchison 1982 , Markwick 1998a . Crocodylians seem to have escaped the Cretaceous-Tertiary extinction event relatively unscathed (Buffetaut 1980 (Buffetaut , 1990 Vasse & Hua 1998) , and the Eocene maximum may be a continuation of diversification from the Cretaceous. Consideration of the phylogenetic relationships among fossil crocodylians reveals an added level of complexity to this pattern.
Crocodylian diversity was higher in the past than now, but most fossil crocodylian faunas are no more diverse than the most speciose crocodylian faunas today. They usually include one or two "generalized" crocodylians with long, broad snouts, more or less like those of extant Alligator or Crocodylus; one or two small crocodylians with blunt snouts and bulbous rear teeth; one or two long-snouted taxa; and one or two examples of a morphotype not seen today, such as a terrestrial ziphodont form or one of the bizarre duck-faced caimans of the Tertiary (Brochu 2001b) . This is especially true of the Early Eocene and Miocene, the periods of maximum worldwide crocodylian diversity.
Crocodylian faunas of the Early Eocene peak tend to be phylogenetically composite, with components often sharing a closer relative on another continent than in the same fauna. For example, the crocodylians found in Early Eocene European deposits (e.g., Messel) include generalized forms (Diplocynodon and a basal crocodyloid), a blunt-snouted alligatorine, a ziphodont pristichampsine, and a tomistomine or gavialoid (Berg 1966 , Rauhe & Rossmann 1995 . Diplocynodon is endemic to Europe, but the crocodyloid, pristichampsine, alligatorine, and longirostrine crocodylians are each more closely related to crocodylians from North America or Europe (Brochu , 2001b .
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The groups themselves tend to be geographically widespread but morphologically uniform. Many of the small blunt-snouted alligatorines from North America and Europe are called Allognathosuchus because of their overall similarity, and Rossmann (1998) considers North American and European Pristichampsus to be the same species. Whatever "Allognathosuchus" and Pristichampsus were specialized for, they found a solution to a problem and spread it far and wide.
Crocodylian faunas of the Miocene peak tend to be more endemic. This is especially true in Australia and Africa, where endemic clades of crocodyloids dominate the crocodylian fauna. These are morphologically diverse-the Australasian mekosuchines include a ziphodont form (Quinkana) (Molnar 1977 , Megirian 1994 , Willis & Mackness 1996 and a small blunt-snouted animal (Trilophosuchus) (Willis 1993) , and if Harpacochampsa is a mekosuchine, the group also includes a longirostrine taxon. Osteolaeminae includes a blunt-snouted form that persists to the Recent (Osteolaemus), generalized forms ("C." lloidi), and at least one longirostrine taxon (Euthecodon). Isolated ziphodont crocodyliform teeth are known from the Late Tertiary of Africa (Andrews 1914), raising the possibility that ziphodonty was also a component of the osteolaemine radiation.
The South American crocodyliform fauna of the Late Tertiary is composite as a whole, but the components themselves represent endemic groups by the Miocene. Gavialoids have a worldwide distribution throughout the Cenozoic, but the gavialoids found in South America may represent an endemic group (Buffetaut 1982a) . Similarly, ziphodont sebecosuchians (which are not crowngroup crocodylians) are found outside South America in Late Mesozoic through Eocene units, but not after the Oligocene (Buffetaut 1982b , Gasparini 1996 .
The phylogenetic distribution of endemicity is illustrated in Figures 11 and 12. Endemicity in Figure 11 is measured as the percentage of taxa in a particular time bin that have their closest relative in the same region, with the regions being continents. In Figure 12 , the distribution of head shapes is mapped over a calibrated cladogram to illustrate the relative morphological diversity of later Tertiary radiations (Brochu 2001b) .
Alligatoroids have always been relatively endemic. For crown-group alligatorids, this may reflect the absence of the elaborate osmoregulatory system that allows other crocodylian lineages to handle excess salt (Taplin & Grigg 1989 , Leslie & Taplin 2001 ; without these tissues, extant alligatorids are less able to withstand prolonged exposure to salt water. This may have limited alligatorid capacity to cross significant marine barriers and kept them restricted to the Americas and Europe for most of their history.
But endemicity increases sharply for Gavialoidea and Crocodyloidea during the Tertiary. Three particular clades are responsible for most of this endemicitythe endemic South American gavialoid group and the endemic crocodyloid clades (Mekosuchinae and Osteolaeminae). Crocodyloids and gavialoids ancestrally have the osmoregulatory structures for salt tolerance (or at least the indications of them; Taplin & Grigg 1989) , and as discussed earlier, crocodyloid and gavialoid history is sometimes best explained with the invocation of an oceanic dispersal event. But these marine barriers were somewhat larger in the Miocene than in the Eocene, suggesting that tectonics may be partially responsible for the phylogenetic difference between the Eocene and Miocene diversity peaks.
A weakness in this argument is the incompleteness of the early mekosuchine and osteolaemine records. Maximum known diversity for these groups is in the Miocene, but we do not know how far back these groups go. These radiations might have longer temporal durations, with the Miocene peak being more apparent than real.
Another interesting aspect is the fact that the African and Australian radiations are largely extinct and have been replaced by Crocodylus. Whether Crocodylus outcompeted these groups or simply filled voids left by local extinction is unknown. But Crocodylus itself almost seems to represent at least two endemic radiations-one in the Indopacific and another in the Caribbean. Snout shape is diverse in Crocodylus, and both the Indopacific and New World assemblages include at least one member with a comparatively narrow snout (C. johnstoni in Australia, C. intermedius in northern South America).
Looking at the Late Cretaceous and Cenozoic as a whole, a limited number of morphotypes reappear in distantly related lineages. Different clades will fill the same presumed ecological role in a given area at different times. This is not, by itself, a novel conclusion (e.g., Langston 1973) . But when the phylogenetic relationships of these crocodylians are mapped over geography and stratigraphy, we see not one radiation, but many. Tabulation of the number of crocodylian species over time shows us the broad pattern of diversity, but the more complex history underlying it is only recoverable with phylogenetics.
Figure 12
Patterns of crocodylian skull shape over time. Some basal clusters are collapsed for purposes of this diagram, and Harpacochampsa is assumed to be mekosuchine. Caimans are treated as endemic; in fact, scattered occurrences in North America render the biogeographic history of the group more complicated. Phylogeny based on morphological data only. Based on Brochu (2001a,b) .
CONCLUSIONS
The study of fossil crocodyliforms is almost as old as vertebrate paleontology itself. Many of the ideas expressed here are refinements of those made by many researchers for nearly 200 years. But the synthesis of molecular biology, 387 morphology, paleontology, and physiology is allowing the construction and testing of hypotheses that were previously made invisible by the insular nature of our sciences. Multiple derivations of a long, slender snout is an old idea; that some of these long, slender snouts may be part of comparatively recent, morphologically diverse endemic radiations is not.
The solution of current problems in crocodylian phylogenetics lies in the continued effort to gather information. New fossils await discovery, and new genes await sequencing. Our technology will improve, but the real answer will always be found in museum collections, and it is there that our efforts must be strongest. Our phylogenetic matrices are summaries of observations, not of morphology; the real data are in drawers or bottles of preservative. We will learn much about both molecules and morphology by working at these issues.
Crocodylians bear the unfair label of "living fossil" for no other reason than the maintenance of a gestalt that happens to work quite well. Crocodylians are an "evolutionary canon"-a basic body shape may persist through history, but its character becomes noticeably more sophisticated over time, and individual lineages occasionally break from the mold and do something different. Like a musical canon, the underlying musical phrase is maintained but becomes more elaborate. The song remains the same, but more instruments join the orchestra and there are more notes per measure.
